The field is in need of novel and transdiagnostic risk factors for suicide. The National Institute of Mental Health's Research Domain Criteria (RDoC) provides a framework that may help advance research on suicidal behavior.
INTRODUCTION
Suicide continues to be one of the leading causes of death worldwide (World Health Organization, 2014) . In addition to suicide deaths (SDs), a substantial number of people will make nonfatal suicide attempts (SAs) (2.7%), and even more will seriously consider suicide (9.2%) each year (Nock et al., 2008) . Suicidal thoughts and behaviors are associated with significant impairment and financial costs (Shepard, Gurewich, Lwin, Reed, & Silverman, 2016; World Health Organization, 2014) .
Despite over five decades of research aimed at identifying risk factors for suicide, little progress has been made in the field's ability to understand, predict , or prevent suicide (Zalsman et al., 2016) . Prior research has been hampered in at least two key ways. First, studies have continued to examine the same risk factors-most prominently the presence of mental disorders-that have aided little in the accurate prediction of suicidal behavior. For instance, a recent meta-analysis of 365 studies of risk factors for suicidal behavior revealed a consistent focus over the past five decades on mental disorders and related constructs . Beyond failing to accurately predict suicidal behavior, focusing on mental disorders provides little explanatory power regarding the processes that lead to suicidal behavior (Nock, 2009) . Second, most studies on this topic have focused on cross-sectional examinations of correlates of suicidal behavior, rather than longitudinal studies of actual risk factors that precede and predict the subsequent occurrence of suicidal behavior Glenn & Nock, 2014; O'Connor & Nock, 2014 framework that may help advance research on suicidal behavior. The RDoC framework may be particularly useful for suicide research because of its: (a) emphasis on transdiagnostic dimensions, (b) suggestion for novel predictors of suicide outcomes, (c) focus on facilitating the integration of information across the RDoC "units of analysis" (i.e., genes, molecules, cells, circuits, physiology, behavior, self-report).
The primary goal of this study was to use the RDoC framework as a novel lens to conceptualize what is currently known about prospective predictors for suicidal thoughts and behaviors-beyond frequently examined mental disorders and related risk factors . We conducted a meta-analytic review of all existing prospective risk factors for suicidal thoughts and behaviors (i.e., ideation, attempts, deaths) that fall within one of the five RDoC domains (i.e., Arousal and Regulatory Systems, Cognitive Systems, Negative Valence Systems, Positive Valence Systems, and Systems for Social Processes) , as well as predictors that related to prominent suicide theories but did not fit within any of the existing RDoC domains. We focused on prospective studies to identify risk (i.e., factors that are prospectively and positively associated with a specific suicide outcome) and protective (i.e., factors that are prospectively and negatively associated with a specific suicide outcome) factors, 1 rather than correlates, of suicidal thoughts and behaviors . Given that risk factors for suicidal thoughts and behaviors are distinct (Kessler, Borges, & Walters, 1999; Nock et al., 2009) , we specifically examined how predictors related independently to suicide ideation (SI), attempts, and deaths.
This study is distinct from previous meta-analytic reviews of suicide risk factors, which have focused on factors that predominate the extant suicide literature: sociodemographics , mental disorders Franklin et al., 2017) , and prior selfinjurious and suicidal thoughts and behaviors Ribeiro et al., 2016) . In this meta-analysis, we took a different perspective by moving beyond these broad and commonly examined risk factor categories to focus on transdiagnostic dimensions-many of which have received less consideration in prior research. This meta-analytic review is also distinct from our recent conceptual overview of suicide research within the RDoC matrix. Whereas in the conceptual overview, we highlight insights that RDoC can provide for suicide research, discuss major challenges for suicide research within this framework, and make suggestions for future research (Glenn, Cha, Kleiman, & Nock, 2017 ), here we quantify the magnitude of effects in each domain of the RDoC framework.
METHOD

Search strategy for larger prospective study database
Data for this meta-analysis were drawn from a database created for a general study of all prospective studies of suicide risk and protective factors published prior to January 1, 2015 .
This parent meta-analytic database contained all relevant effect sizes within studies in which a risk or protective factor was used to longitudinally predict a specific suicide outcome (i.e., ideation, attempts, deaths). The parent database contained 4,082 effect sizes across 365 studies (see Franklin et al., 2017 for details).
Selection criteria for the current meta-analysis
The selection criteria for this meta-analysis were more specific than for the larger project. First, this review focused specifically on predictors of suicide ideation, attempts, and deaths (see Fig. 1 ). We excluded effect sizes of suicide-related outcomes that did not feature suicidal intent (i.e., suicide gesture: Nock et al., 2010) or have a standard definition (i.e., suicide plan).
Second, the current review focused on predictors that could be linked to one of the five major RDoC domains-either at the broader domain level, the construct level, or the specific subconstruct level (for additional details about coding within each domain, see Supporting Information Appendix A: Coding Guidelines). Consistent with RDoC guidelines (Cuthbert & Kozak, 2013) , predictors needed to be continuous, transdiagnostic, and granular enough to be tied to an RDoC domain. The following categories of predictors did not meet these guidelines: sociodemographics (e.g., gender), environmental predictors (e.g., negative life events), mental disorders or health-risk behaviors (e.g., psychiatric disorders, cigarette smoking), prior history of self-injurious or suicidal behaviors, treatment-related factors (e.g., type/dose of treatment), family history of psychopathology, and physical health factors (e.g., chronic health conditions) (see Fig. 1 ; a full list of excluded variables and studies is available upon request).
The additional category Suicide Theory-Relevant Risk Factors was created for constructs that could not be adequately categorized within an existing RDoC domain. We were able to categorize many suicide theory-related factors, such as loneliness (Social Processes) and hopelessness (Negative Valence Systems) within the RDoC matrix. However, for others this was not possible (e.g., psychache, or unbearable psychological pain [Shneidman, 1993] , cannot be accounted for within a single RDoC domain). As the current RDoC matrix is a work in progress (Morris & Cuthbert, 2012) , it is important for researchers to propose additional domains and constructs where they may exist. The inclusion of suicide theory-relevant factors could help to advance our understanding of this outcome, and of RDoC constructs more generally.
Finally, we created a separate category for risk factors at genetic, molecular, and physiological units of analysis (Biological Factors; there were no predictors at the cellular or circuit level). This decision was made because these biological risk factors could not be classified under a single RDoC domain (e.g., serotonin, or 5-HT, could be tied to constructs across the full matrix) and categorization under multiple domains would have prevented our examination of findings across domains for this project (i.e., due to nonindependence of predictors across domains). A prior meta-analysis organized these biomarkers by overall category (or unit of analysis; Chang et al., 2016) . Given our goal of integrating these biological predictors across units of analysis (e.g., genes, molecules), we created subgroups within the overarching biological category based on the underlying biological systems: serotonergic function, dopaminergic function, and neuroendocrine system function (see Supporting Information Appendix A: Coding Guidelines). Step 2), and (e) excluded predictors that were nonindependent or redundant (e.g., a subscale and total score from the same measure; see Fig. 1 : PRISMA diagram, Step 3). 2
Data extraction
For each predictor included, the following information was extracted and is provided in 
Meta-analytic technique
This project followed accepted guidelines for conducting metaanalyses of observational studies (Stroup et al., 2000) and reporting for meta-analytic results (Moher, Liberati, Tetzlaff, & Altman, 2009 Arousal ( Burdensomeness NC (ST) ND Burden on family SA 1 P All predictors should be assumed to function as risk factors, unless marked with P in which case predictors function as protective factors. NC New construct = A construct created specifically for this project that is a non-RDoC official construct. ND New domain = A domain created specifically for this project that is a non-RDoC official domain. a With regard to predictor(s): presence of (sample 1) or (sample 2) indicates that there were two samples within a study and provides reference to data from that specific sample. Presence of (female only) or (male only) indicates that there were independent male and female subsamples within a study and provides reference to data from that specific subsample. Presence of (measure 1) or (measure 2) indicates that there were two different measures of the same construct within a study and provides reference to data from that specific measure. b Biological predictor abbreviations explained: 5-HIAA = 5-hydroxyindoleacetic acid; 5-HT = blood serotonin; 5-HTTLPR = serotonin transporter; B max = maximum number of binding sites; CRH = corticotropin-releasing hormone; CSF = cerebrospinal fluid; DHEAS = dehydroepiandrosterone; DST = dexamethasone suppression test; K d = affinity constant; HMPG/MHPG = 4-hydroxy-3-methoxyphenyl glycol; HVA = homovanillic acid; MAO = monoamine oxidase; MHPG/HMPG = 3-methoxy-4-hydroxyphenyl glycol; SS = short/short; TPH = tryptophan hydroxylase.
asymmetry (see "# of studies trimmed"; when this number is 0, there is no publication bias) and adjusts effect sizes after accounting for these studies (see "Adjusted estimate" and "Adjusted 95% CI"). Fail-safe N analysis indicates how many nonsignificant studies would be needed to bring a significant finding to nonsignificance; larger numbers indicate more robust effects (see "no. of studies for P > .05"; when this number is 0, the original effect was nonsignificant). To measure heterogeneity between cases, we used I 2 , which indicates the proportion of between case variance with cutoffs of 0-25% (low), 26-50% (moderate), and 51-100% (high). Because most studies in this meta-analysis had moderate to high heterogeneity (see Tables 2-6) , we adjusted for heterogeneity among cases by using random-effects models for all analyses.
RESULTS
Descriptive characteristics of risk factors related to RDoC and suicide outcomes
The selection criteria for this meta-analysis resulted in 460 prediction cases (referred to as "effect sizes" from this point forward) across 134 studies (see Table 1 for a list of studies/predictors; references provided in Supporting Information Appendix B). Risk factors were presented as ORs (n = 378; Table 2-4) more often than HRs (n = 33; suicidal thoughts and behaviors (n = 49). 4 Because most predictors were conceptualized as risk factors, these findings are presented in Tables 2-5 with protective factors available in Table 6 . Of note, some analyses included a small number of effect sizes; the number of cases (see Tables 2-6 ) should be taken into account when interpreting results.
In terms of breakdown by suicide outcome, 97 effect sizes (across 35 studies) examined risk factors for suicide ideation (SI), 172 (63 studies) for suicide attempts (SA), and 142 (48 studies) for suicide deaths (SD). Protective factors were relatively split across SI (n = 15; across nine studies), SA (n = 23; 15 studies), and SD (n = 11; seven studies).
Effect sizes varied widely by domain
Collapsed across all suicide outcomes, most risk factors were classi- 
Prediction of suicide outcomes 3.2.1 Suicide ideation
Risk factors
The risk factors for SI had high heterogeneity (see I 2 in Tables 2 and   5 ). The overall wOR (1.72) was significant. "Trim and fill" analysis indicated a symmetrical funnel plot, indicating little to no publication bias ( Fig. 2A ; Table 2 ). There were three HRs for SI (all in Social Processes); the overall wHR was not significant.
When examining individual domains (accounting for publication bias), significant effects were found for Arousal and Regulatory Systems (wOR = 1.69; e.g., insomnia, nightmares, blunted affect), 
Protective factors
The SI protective factor findings had high heterogeneity (Table 6 ). The overall wOR (.79) was significant. "Trim and fill" analysis indicated no publication bias. In terms of specific domains, significant effects were found only for Negative Valence Systems (wOR = .40; e.g., positive attributional style); however, these findings should be interpreted with caution as only three predictors fell within this domain. Protective factors within Positive Valence Systems and Social Processes were nonsignificant.
Suicide attempt
Risk factors
The SA findings also had high heterogeneity (Tables 3 and 5 ). The overall wOR (1.66) and wHR (1.09) were significant; however, "trim and fill" analysis indicated an asymmetrical funnel plot (Fig. 2B ) as 51 studies below the mean were missing (Tables 3 and 5 
Protective factors
The SA protective factor findings had high heterogeneity (Table 6 ).
The overall wOR (.86) was significant. "Trim and fill" analysis indicated some publication bias and an asymmetrical funnel plot. Based on the reported effect sizes, five studies above the mean were estimated to be missing. Had these findings been published and included in the metaanalysis, the overall effect would be weakened but still significant (.92).
No specific category of predictors was statistically significant.
Suicide death
Risk factors
The SD findings had moderate to high heterogeneity (Tables 4 and   5 ). The overall wOR (1.41) and wHR (1.16) were significant; however, the "trim and fill" analysis indicated a fairly asymmetrical funnel plot (Fig. 2C) as 35 studies below the mean were missing (Tables 4 and 5 ).
Had these findings been published and included in the meta-analysis, 
Protective factors
The SD protective factor findings had low heterogeneity (Table 6 ). The overall wOR was nonsignificant, as was the largest category of predictors in the Social Processes domain.
DISCUSSION
This meta-analytic review examined the extant suicide risk and protective factor literature within the lens of the RDoC framework.
There are six notable findings. First, as noted in prior reviews , most existing suicide research has focused on psychiatric and related risk factors that do not fit within the transdiagnostic, were more robustly related to suicide ideation and attempts than almost all other predictors examined in this review (see Glenn et al., 2017 for a discussion of issues conceptualizing suicide theory-relevant constructs within RDoC). 5 Fourth, few RDoC-related protective factors have been examined and none have been significantly related to suicide attempts or deaths. Future research is needed to specifically examine factors that buffer risk among high-risk individuals Rutter, 1987) . Fifth, in line with findings from prior meta-analyses Ribeiro et al., 2016) , this review found that the effect size for any single predictor (or domain) was relatively small, especially after accounting for publication bias. This highlights the need for research to identify novel risk factors for suicide (e.g., factors related to understudied RDoC domains, like Positive Valence Systems), as well as empirically informed ways to combine factors to improve risk prediction (Barak-Corren In sum, this review highlights the potential utility of the RDoC framework for conceptualizing risk and protective factors for suicide. consideration of developmental factors, and incorporation of suicidespecific processes (Glenn et al., 2017) . Addressing these research gaps may lead us in new directions for suicide research that can enhance not only our understanding of the processes that lead to suicidal behavior, but also our ability to predict and prevent it.
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ENDNOTES
1 " Protective factor" is a term that has been used to refer to a factor in the population that decreases risk for a negative outcome (i.e., inverse of a risk factor), as well as a factor that decreases risk for a negative outcome among a high-risk group Rutter, 1987 ). In the current study, the term "protective factor" adheres more closely to the former definition.
